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Abstract—  The safe generation and distribution of power is the most desirable factor targeted by utility companies.  Therefore, there is a 
serious concern for protection of the transmission line as well as the equipment involved.  Several works have been carried out on 
protection to protect mostly human lives while some aimed at the use of microcontrollers to optimize the performance of a relay.  Part of the 
conventional relay operation works was the work by IEEE Working Group I17 Incorrect Operation Reporting in which for 20 total events, for 
voltage above 400V, unnecessary trips during fault is 30%, unnecessary trip other than fault is 5%, and total misoperation is 35%.  These 
results could be improved upon.  As new technology surfaces more application areas also evolve such as the use of artificial intelligence 
tool like fuzzy logic to enhance the performance of a relay which is the key element in the switching operation of a power network.  This 
fuzzy logic based relay shows considerable improvement on false trip phenomenon usually associated with the operations of a relay in 
which a total of 25 events were used to form the rule base for voltage ranging from 480V to 15kV, unnecessary trip fault is 2%, and total 
misoperation is less than 10%. In this work, the protection scheme proposed is for transmission line's distance protections relay whose 
operation is adaptive and directly controlled using fuzzy logic controller which is fault tolerant, directional, and least affected by power 
swing.   
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1 INTRODUCTION 
elays are among the mostly used devices in the field 
of engineering. They are important protective devices 
containing electromechanically operating switches.  
A relay’s operation is not totally electronic and its 
mechanical components also contribute in no small 
measure to its performance.  Therefore, there is always a 
time lag between the time an action is initiated and relay’s 
response.  This time lag is ideally not desirable as it could 
lead to accident, energy loss, equipment breakdown, and 
production time loss. As a protective device, it is desired 
that a protective relay should respond appropriately when 
beckoned to activate.  Therefore, for a power network, 
especially, transmission line, distance protection relay 
type is expected to respond to fault condition(s) when 
there is a deviation in the set-point(s).  It operates on the 
principle that a fault in a transmission line will result in 
the decrease of line impedance which is compared with a 
pre-defined threshold value. Relays have been applied to 
several systems including cellular operations in which 
areas of deployment and number of nodes are essential 
(Gurjar, Ajay, & Singh, 2014).  This is a direct application 
in communication systems. 
In power systems, relays also play vital roles and its 
operational design is centred on the trip signal that will be 
sent to the breaker if the measured impedance is smaller 
than the threshold.  In transmission lines, distance relays 
used are of three types such as; reactance type which is 
only suitable for short lines, its non-directional and cannot 
be activated by fault resistance but by power swing; 
impedance type on the other hand is suitable for medium 
lines, it is non-directional and could be activated by fault 
tolerance; Mho type is directional, less sensitive to power 
swing and less affected by fault resistance.   
*Corresponding Author 
Distance protection relay type operates within a selected 
operation point on transmission line neglecting fault 
occurring at regions without the selected operation point 
(Maamoon, 2004). Power transformers also have history of 
protection using fuzzy logic based relay to gain sensitivity 
and selectivity of the concerned relay (Ogrutan, L.E, 
Lozneanu, & Rosca, 2012), (Aziz, Ali, & Abass, 2009). 
The microcontroller based mho relays have been 
successfully developed and tested in the laboratory.  They 
are also fast, accurate and reliable but their constants have 
to be changed often depending on the desired areas of 
application.  Their characteristics are least affected by 
power surges which make them suitable for long 
transmission lines (Saha, Hillstrom, Kasztenny, & 
Rosolowski, 1998), (Chhavi, 2015). In order to improve the 
performance of distance protection relay type, a fuzzy 
logic based relay is investigated since fuzzy logic 
controllers have shown tremendous improvements in the 
performance of many systems (Begovic, 2013).  More 
attention is paid to the tripping action of leakage current 
relay as applied to human safety and system reliability 
(Erenturk, 2005).  Improved stabilization of relay 
operation after the initial transient due to switching has 
also been observed with the use of fuzzy logic based relay 
for over-current protection for medium voltage (MV) 
overhead lines (Rebizant, Bejmart, & Szafran, 2005).  
The remaining part of the work is sectioned into; the 
design, parameters involved, fuzzy setup, fuzzification, 
rules, defuzzification, results and discussions, and 
conclusion. 
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2   METHODOLOGY 
Mamdani-type fuzzy inference system methodology is 
applied to this work as it presents the basic means of 
designing controllers by synthesizing a set of linguistic 
control rules obtained from experienced human operators.  
It is simple to design and operate by anyone and could 
easily be deployed to various systems’ operations. 
 
3   THE DESIGN 
 
 
Fig. 1.  Fuzzy Logic Controller Based System 
 
The fuzzy logic controller based system is implementable 
with the use of the basic feedback control configuration of 
fig. 1 in which the threshold impedance is continuously 
being compared with the output until a negligible 
difference is obtained.  That is, 
            |                       (1) 
            |                       (2) 
Z is the impedance and ZTH is the threshold impedance. 
3.1  PARAMETERS INVOLVED 
The parameters which are the operational determinants 
are; current, voltage, and impedance. Current to consider 
is always on the destructive or beyond-the-desired current 
otherwise known as the over-current.  This could be 
designated with Co. Voltage to be considered on the other 
hand could either be under-voltage, Vu and over-voltage, 
Vo.  Both current and voltage parameters are considered to 
be input parameters.  On the other hand, impedance Z, is 
the output parameter that is being monitored which 
would ultimately determine the relay action that protects 
the line. 
 
Current Parameters: In distribution substation, for 
outdoor busbars, the available current ratings range is 
from 600A to 5,000A of continuous current (Ross, 2010). 
 
Voltage Parameters: In order to ensure continuity of 
service, especially for heavy consumers, a safe voltage that 
range from 480V to 15kV for three-wire system is 
considered. 
 
Desired Impedance Parameters: The desired impedance 
range for this work is 400Ω to 500Ω (Alexandre, 2008). 
4 FUZZY SETUP 
 
Fig. 2. Fuzzy Logic Relay Scheme (Gaussian MF) 
 
 
4.1 FUZZIFICATION 
This is a method of converting crisp or traditional 
parameters into fuzzy parameters acceptable for fuzzy 
operations and processing. 
 
4.2 MEMBERSHIP FUNCTION 
The membership function applied is Gaussian 
membership functions for the inputs μCo and μVo such 
that; 
          
 
 
 
     
  
 
 
                       
 
Where 
    is the ith input variable 
     is the ith centre of the membership function 
    is the constant related to the spread of the ith 
membership function. 
This is pictorially shown in MatLab GUI of fig. 3 
 
 
 
Fig. 3.  Membership function for the fuzzy controller 
Although the Gaussian membership functions achieve 
smoothness and non-zero at all points, they are unable to 
specify asymmetric membership functions (Rox, 2004).  
Therefore, for this work, triangular membership functions 
are used because of their simplicity, low-memory space 
requirement, and ease of adjusting control output 
functions.  Then equation 1 turns to; 
             
     
     
  , if                      (4) 
if otherwise 
             
     
     
  , if                       (5) 
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4.3  RULES 
Since Mamdani method is used for this work, the firing 
levels of rules is denoted by  
αi ,                                                                           
which are calculated by applying this model 
                                                             (7) 
The collective outputs are derived by 
                             
                                          (8) 
Where 
A and B are inputs. 
   is the firing level. 
C is the output (Kozlowska, 2012). 
These rules determine the operation of the actuator 
directly connected in tandem to the relay which serves as 
the actuating element. 
1. If the voltage is very low (VLV) and the current is also 
very low (VLC) then relay should be fully open (FO). 
2. If the voltage is very low (VLV) and the current is also 
low, then the relay should be fully opened (FO). 
3. If the voltage is very low (VLV) and the current is 
normal (NC) then the relay should be slightly open 
(SO). 
4. If the voltage is very low (VLV) and the current is 
high (HC) then the relay should be fully opened (FO). 
5. If the voltage is very low (VLV) and the current is also 
very high (VHC) then the relay should be fully 
opened (FO). 
6. If the voltage is low (LV) and the current is very low 
(VLC) then the relay should be fully open (FO). 
7. If the voltage is low (LV) and the current is also low 
(LC) then the relay should be fully closed (FC). 
8. If the voltage is low (LV) and the current is normal 
(NC) then the relay should be fully closed. 
9. If the voltage is low (LV) and the current is high (HC) 
then the relay should be slightly open (SO). 
10. If the voltage is low (LV) and the current is very 
high (VHC) the relay should be fully open (FO). 
11. If the voltage is normal (NV) and the current is 
very low (VLC) the relay should be slightly closed 
(SC). 
12. If the voltage is normal (NV) and the current is low 
(LC) then the relay should be slightly closed (SC). 
 
13.  If the voltage is normal (NV) and the current is 
normal (NC) then the relay should be fully closed 
(FC). 
14. If the voltage is normal (NV) and the current is 
high (HC) then the relay should be slightly open (SO). 
15. If the voltage is normal (NV) and the current is 
very high (VHC) then the relay should be fully open 
(FO). 
16. If the voltage is high (HV) and the current is 
current is very low (VLC) then the relay should be 
slightly open (SO). 
17. If the voltage is high (HV) and the current is low 
(LC) then the relay should be slightly closed (SC). 
18. If the voltage is high (HV) and the current is 
normal (NC) then the relay should be slightly closed 
(SC). 
19. If the voltage is high (HV) and the current is high 
(HC) then the relay should be slightly open (SO). 
20. If the voltage is high (HV) and the current is very 
high (VHC) then the relay should be fully open (FO). 
21. If the voltage is very high (VHV) and the current is 
very low (VLC) then the relay should be fully open 
(FO). 
22. If the voltage is very high (VHV) and the current is 
low (LC) then the relay should be slightly open (SO). 
23. If the voltage is very (VHV) and the current is 
normal (NC) then the relay should be slightly closed 
(SC). 
24. If the voltage is very high (VHV) and the current is 
high then the relay should be fully open (FO). 
25. If the voltage is very high (VHV) and the current is 
also very high (VHC) then the relay should be fully 
open (FO). 
These rules are formulated and executed in Matlab using 
‘and’ relational operator as shown in figure 4. 
 
 
 
Fig. 4.  Operational rules 
 
Figure 5 shows the internal operations of the controller 
based on the developed operational rule.  It shows the 
internal performances of the controller and how the 
controller responds to parameter variations. 
 
 
 
Fig. 5.  Performance of the controller 
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4.4 DEFUZZIFICATION 
Defuzzification is the conversion of a fuzzy quantity to a 
precise quantity.  For this particular work, centroid 
method (centre of area or centre of gravity) is used. 
This is expressed algebraically as; 
   
           
         
                                        (9) 
 
where   denotes an algebraic integration 
    is a specific membership value 
 Z is a particular element 
Therefore, the resulting outputs of the defuzzification 
process, termed the crisp output values, serve as the 
actuating signal for the relay operation. 
 
5 RESULTS AND DISCUSSION 
The three dimensional view of the relay performance 
which is determined by the impedance state along with 
the current and voltage parameters is displayed in fig. 6 
from which the effect of each parameter as it relates with 
the other could be analyzed in one short.  Deep coloured 
regions are stable and predictable while the light coloured 
regions are transient and unpredictable.  These transient 
and unpredicted regions are the major cause of 
breakdown if not well managed.  This is where the use of 
fuzzy logic controller performs creditably with seamless 
transition to stability above 1000A and 1250V at 400Ohms 
respectively unlike the microcontroller type, Mho, 
Reactance and Purely impedance type distance relay.   
 
Fig. 6.  Three dimensional view of the relay operations 
 
The relationship between the output impedance and the 
input voltage is highlighted in Fig. 7.  The transient values 
of impedance lie between 0V and 10000V after which 
stability is achieved unlike the previous relays that 
permanently open due to the instability of the system.  
Stability of operation is achieved at voltage above 10000V 
which is very good for power transmission at relatively 
constant ohmic value.  The starting transmission line 
ohmic value is usually taken as the reference point which 
fuzzy logic tend to relate with in order to achieve system 
stability. 
 
Fig. 7.  Output impedance versus input voltage 
 
Fig. 8 shows the effect of increase in current on the 
resultant impedance.  For an ideal transmission line, it is 
most desirable that impedance be low relative to the 
incremental value of current.  This the fuzzy logic 
achieved as shown in figure 8 making its application to 
distance protection relevant irrespective of the operating 
distance as applied to Mho, impedance, reactance as well 
as the microcontroller based relays. 
 
Fig. 8.  Output impedance versus input current 
 
6 CONCLUSION 
For a typical distance protection relay, a fuzzy logic 
controller gives a satisfactory results expected of an 
intelligent system.  The rule base which is the brain box of 
the intelligent unit makes the fuzzy controller applicable 
to all transmission line types irrespective of the distance of 
operation. The fuzzy logic based relay is designed and its 
performance simulated not strictly to a-three specific 
conditions requirement but a range of acceptable current 
values, voltage values as well as the relevant expected 
operational impedance values as justified by its behaviour 
toward transient relay condition and stable operational 
condition. This makes the application of fuzzy controller 
adaptable, simple and robust to various parameter 
changes without complete overhauling of the original 
system design.  A design and performance analysis of 
fuzzy based relay for distance protection for all 
transmission line types is hereby presented in this work.   
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